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ABSTRACT : PROBLEM TO BE SOLVED: To enable satisfactory carrier injection and optical 
confinement in a double heterostructure portion, using a gallium nitride compound 
semiconductor material, and enable utilization of the laser as a light source of a short 
wavelength, oscillating at a low-threshold value. 



SOLUTION: A semiconductor laser has a double heterostructure portion using a gallium 
-nitride compound sem i conductor materia l , in wh i c h an active layer lOb is provided ~ 
between an n-type clad layer 104 and a p-type clad layer 108, on a sapphire substrate 
101 . In the semiconductor laser, the double heterostructure portion is formed on the 
sapphire substrate 101 , via a GaN buffer layer 102 and is formed as a mesa type. Both 
lateral sides of the mesa-type structure is filled with GaN current blocking layers 110 
havjng high resistance. 
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fciJ@E<2 2 2©n>££ hffifs£j£<T'*£fc#. s& 
-*«*B8a©:a>** btm&iR&X'it, 1&Ml±VO> 

10 Nn>^i? h^2 0 8^J:D^*ffi^¥ifift^n'Ct^ 

[0054] aa*ft^4sc^(*, y^A.^ n||}jS4 

C©BtKlSa*ffliCiSr-)e-y€:^x4o £©fc 
SB©^-^* 1 !)* l k Xy^>^tT**f4 

[0055] R I E2¥T"' -fx? 3->?bXJ 
20 tBTOK:, MOCVDSWCJ:*j««!)i&*«fiT&Rg 

tc sfiaseoo'ccBftorNH, ^xaa«:*to 

<T-S<t 1 tift*x^>^n^ «tc, InGaN 
It* x ? * > y u - I *s* £ < * ?fii»©iillB 2 0 5 

t^tcx^>y3n. r i Etcj:*y-rf-2>B©i» 
j: o x > * > ?z n fesa m&ft t j* *«*©««:(*■ 

SiT^o C©cfc^to«[a*ftKiJ:*i, yiwiii©y 

30 A3 *^*o 

[0056] m sRvm 1 1*. ra*tt»*©«yixs* 

^fffi®H|-C££<> tT. 06 (a) i^-TJr^i^ ^ 
77 -Y7S152 0 l±tCJ9S 5 0 nm©Ga N><-/7y 
1202, gS4iiin©nS2GaNB3>^^h20 
3. li3 1iJm©n«AlGaN>7^H"B2 0 4, 
2 0. 3«m©I nGaN-MQW«ttB2 0 5. 

1 mn©pSLA lGaN^7? KB2 06, S*0. 5 
iii»©pSiGaNB7&MOCVDa<CJ:0 iRXtftft-r 

40 [0057] £i>T\ 06 <b> tC^TJr^cc. pMG 
aNB2 0 7©«fflccS i O a IS 2 3 1 *«J«Lfc«, 

aNB2 0 7*BB3l4"C. R I ESKJ: 0 nSSGa N 
Ji2 0 3^mT^^T?x^9 L >^T^o CCC. ±1E 
©S i O, 112 3 \ 0»i*-~>9*L. ffeidtt^J^u: 

[0 05 8] Xc»-C, MOCVDSIt«p*r'8 0()*CK: 
S^L/rfc*. NH, ^SES2 N, 

2 0 l/#*ari, <c) tc^TJr^tc. 

50 ^i^>^n, »K itttH 2 0 5 ©fflM#-iM* 
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[0059] >£i<>X\ NH, tfAfSSlO 
#*ag2 0 l/^i&T^ 136 <d) tc^Td:^ 

[0 06 0] £i>T\ 137 (e) tc^-TJ: ^cc. pMG 
aNatf>&*B2 1 2, n^GaNii^3A^ll2 1 30> 

7o ? *HG>®rtti, MOCV D^c«r4^^^ 

[006 1] £^T\ 137 ( f ) cc^TJ: ^(C. £®4> 
S i 0, IS2 3 l«r»*l/-Cp«GaN3>*^ hJH2 
0 8t«ft8«. :X^-C. 137 (g) KftTJcSK, 
SiO, R2 3 PEP^JrD^^- 

fcBUStfr. R I EftK^OnSSLGaNaV^hB 
2 0 3 #SiHT * * T?x ■> ? > * . 20 
[0 06 2] *^T\ n<Pl*51§2 2 liirTi/Au 
f8B»S««L. ^6«Cj>fflSft2 2 2i^rNi/A 

[0 06 3] C^Jr^^L-C^^n^^L—^Co 

nH8 (a) (b> ic*T. **«UJ8l?t*, 8£*flJ: 
0 L£t »tt8ft*4!) 1 / 2 ® A»<rt*tt#» £ft/c 0 £ 
fc. 'Jx^lffllcBWtl'fcA. *?7U<Z>BW>» 

+J I* 9 0 W2Lb i a»tf*> *>tc. 30 
[0064] ( * 4 O^MMO&^PI] ) m 4 
BWtt, ^Ah?>x*-MCj:&$£ilJi2 1 1 £fttt 

( a ) t,cn?& iSi4B2 0 SC^^UB 
2 1 1 £ J: ^tCL-t 

[ 0 0 6 5 ] * tc* m&y'v ■> PM&&rub P n«t* 
^*Hfflbfct©tciRfer. 139 (b > tCTnTJ^tc, 
GaNS>&tSfiiB2 1 5KLTt>J:i>. Sfccc. H9 

<c> kitM-Jc^cc, i£teB2 0 5#**<x;>?>y 
Sft/tti*fflfc<z)^Ax^^>y«:Wca«:, 40 

[0066] < »5 13 1 0 ti, *ffe?HG» 

[0 06 7] H4"3 0 H*t7T-/7HS«9. C<>> 
3K3 0 l±C£GaN'<?7rJ§3c)2, nlGa 50 
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>i>^hH3 03, nSlAlGaN^7?K@304 > 
n3SGaN»»B3 0 5. I n Ga N^fcfc *MQWjg 
ttB30 6, pMGaNSSS3 0 7. piAlGaN 
KE3 0 8, A I GaNSS^P^ *@3 1 0, 

piGaN3>^ni309^M^m:t^ t cn 

62>$££/#£&. MOCVDS«CH*MBEa«CJ:^i: 

[0 06 8] p^A iGaN^ii KB3 0 8^6nM 
AlGaN^y KB 3 0 4 Sr-ti^ >*tx ■> 
*>n**i**V C<DfflflK*t6*S«>A I GaNffifr/ 
a?*J§3 1 OWS^n^o piGaN3>^^H 
3 0 9*»bn9Ga N^>^ * hB3 0 3 
ccr^i^n, n 9G a N HB3 0 3±«cttn« 

S&3 11, pMGaN3>*^ H130 9±Kttp« 
^S3 1 2#»«*3ftS, 

[0069] C^u-TOjf±§at ln ( Ga,. c 
N#FJi/1n d Ga,., Nttttfi <c>d> 

ac;GaN«i6@*ifirWfcSCHifiai 

[0070] flf*W*fflflHlC>'&@©*l5^« : £^ , r 
<b. ^sS^tt^ti I m.* Ga*.*N#FB (2n 
m> / I n...iGa.. 9i N»StJ! (4 nm) £>5*tt»* 

GaNsas^es^-enetio. l^mU 

*• W*?->KSt*. nIGa e . 8i Alo.i.N 
(0. 3win). plGa».» } A I o.is N ( 0. Zu 
in) frhUhi, 

[ o o 7 i ] c c -cfflwcsxt k* 

Jg©ffljar-***o ttii^B^rG 
a ft . 9 iA U.jtNiO, ^ h^-Yvits^: 1 «in<tbfc 0 
[ 0 0 7 2 ] C C r\ «S«»*ffl*- K«it SW* 

I^JT^o 131 Mil n..* Ga»., N^^Jl <2n 
in) / I n 0 .»iGaft.ftiNntt9 (4 nm) 

lOilffltt) *«ttE«Cfflt,'fc*5£. G a «. K AL 
Na^JlOA 1 fflj«xK«or*?»*- K® 1 

[0073] aii*t8a«* v >J 7£*&«*tfKCK O 
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[0074] j*lffi£tt8mfc% < T£ccli, 
©S*t*£AN€:*S<T*, HJfcSii#S©A 1 llJS 
^J^<fMJ:l^ fib. AN©»IM*«rt*«WG> 

Bi 10>64>#*J:5K:. l pm^ 

TiT&C^S* OK 

[0075 ] COVINS*** <-r£*j*±lyC. s& 
iMt^ttfrCfct 1 **. 

[0076] fUfftttt&L J£$«M£ 

tmr&tctt>. *nen©#fSFBS. ac;i:x*-Ki 

( a ) ( h ) J: fJW-esaLt^MH^ 

[0077 3 c ntc^^-c . s«%39^nfi$isia^ 

- K i K t *<«Ct« 
3££l*^fti»*&& 0 C©J:^tt5iS?SSl«:f«ffl0fc 
M&Xom 6 ©JftSftCtfWJ'r 4. 
[0078] ( £6 ©AfHBflt) HI 31*. **W>* 

V<Dm*#&Z*&KEmx-ib& 9 HlOilSl- 

4. 

[0079] *^tefl^B 1 0 cc* Lfc»5 ©IttfeB 
8KiBtt&*«. Sijk^p^^S^aSK^I n.. 2 G 40 
a,., NH3 5 9ibfcC cntcjrD. 

[0080] 4*M**Ct* % A^-/ 7<I£ 3mni 
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[ 0 0 8 1 ] B 1 4 ( a ) < b ) t*. *VA^Pt«6 

aw*7*-*imi 3Kscfc**tt«*ii5ii;«d 

F£©iR££©&X h ? ^ ^««fefftt«:*Ofct«>T?ab 
5«?6<»a , C#j*JS«^*3C'Ctt*Hl 2*Cfctt 
■BLfcilOT*^ HI 4 <b) A*69£J:)K, * 
h^O"ti3jimifii2'C&. l**- F±&**- K± 

[0082] < *7 0>*tti»»> 8 1 5 It, **WZ>S! 

7©*ft*»cftt>s»k^y ^iXfh^ft^Wftu- 

^©SR*fc»***ltlrfflBT'*4. S*^8SliB5CC^ 

[0 08 3J B+4 0 1«^7t-/7S*R1?*>9. C<^> 

>5?^hH403, nEGaA I N**-> KH404, 
nS2GaN««B4 5 4. I nGaN^a£ : f#^4 0 
5. f>MGaN#?£S4 56, pIGaAlN^7 ^' 
S406, pS2GaN + +y7*Jl4 07, GaNSii^ 
S411. p32InGaNttii*H4 1 2, n^GaN 
a^H4l3, pfflGaNa>*^ha4 0 8^®« 
^ffc-Cl^o 42 1l*n«SS, 4 2 2l*p»«a3'C* 

[0084] **ft^aR-C«, P SSL I n G a N Sii^S 

4 i 2©«jfe<c<fco, swifi1ia&**bT:^* # IP 

fc. C<^)*iiA^g4 1 2 WO K*> ^-7**fflttlBS© 

i«CiOT*4o *(*«tcli, p^I nGaNttiA 
^fB4 1 2 CD I iiffl««:#PJi4la]t;^*l-tt**<ir 

IfeffiT^^fk^ 'J ^^fh^te*iSf* b-lf «:» C i 

[0085] (*8<D*tt»») HI 6flO'Hl 7t*> 

ji, a. ^ p ?3£m aoras^p * ^ u r ^ 
*gaaffjfist*, cn*-c«:si<Hi/fc**fcBaK:ifl 
m?&ct&x-z&. 

[0086] Hi 6 (a) cc^Ti:^tc. i^7t 
^7S«5 0 1 ±K!?3 5 0nin<DGa N'<?7 7S5 
0 2 4JiS«b. *<0±tc»3 4 ii in© nffiLG a N3>^ 
*hB5 0 3. ^2 1 ii mOnfilA 1 GaN^y KJS 

5 0 4, ©SO. 3 ii in© I nGaN-MQWSttS 5 
0 5. A3 1pm©p3£A lGaN?7? KJ3506, 
JS3 0. 5iiffi©P&GaNJ15 0 7^MOCVD^(C 
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[0 08 7] <£*<>X\ 016 CD) tC*tfJ:5K. Pi 
GaN@5 0 7±(CS i 0 2 1*5 3 1 ittCVDtttcj: 
0 0. 4/unteBU *©±tcu^ 

115 3 1 1 (0 L-^X h 5 3 2 £ 3 ji m0>m2icm 
Vb. 2 5 0T©»#HmK2 0#r*Sbru5>*h 
<Dgfk^iI£tTofcfc> T i <Xt*A l ) «5 3 3*S 
^tr-^SSft-C 1 0 0 - 2 0 0 n m©«Scc«SU 
•e©±tca2C0l/S/X h 5 3 4 4 1 fi mOBdtCttlSO 
fc. *ot\ i/^Ah5 34«i3fea*^a-fe^tcj:*j, 10 

[0088] £<,*T\ B 1 6 ( c > AX 
^*fflt*fc5i£lt^*>br-ix^^>y (R I B 
E)KJ:0, U2>Ah534*^A*KT 1 185 334 

[0089] H 1 7 ( d > tCnVT J: ^K. RK 

#**JBC*fcR I BEccJcD, T i DS5 3 3*-?**cc 
US>;U5 3 2*jHRx??>yu 
>*««Ofc. u^xh5 32l*HKBffc« 

r*£o CQ<fc$&x««:J:*h iBaitoailtt*^^ 

[0 09 0] >X^X\ Bl 7 ( e> K^TJ:^. 
Ah53 2RtfTiJfi5 3 3*^A*fc, R I Et'S i 
Oz H5 3 l£i§«x??>?u S6KB1 7(f) 

[009 1] ctiCT* I*. ««^a ? *Ji <fflii*JB> 30 

[0092] C <D£ *> cc440k«flKC <£ttt** 31^ 

1±fc < 4 C 4 . »l-*7 <»*&m£$Kia 
^LfcJ: V^Iii^teS <BH) (Db-W^i^o 

«teR«sn*iG>rti*<, *<DBS&fij(tL«U'« 40 

[0093] 

x. #7)i^rummffltm&*+V7o&\Jk01t 
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1 04. 2 04-n»AlGaNi?^^KJl 

1 0 5 -T> KJB 

1 0 6, 2 0 5-MQWffittJi 

1 0 7-r>K-7 r GaN^ vm 

1 0 8, 2 0 6 — p Si A 1 GaN^7'/ 
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